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The  low-speed  aerodynamic  characteristics  of  a 10-percent  scale  powered 
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David  W.  Taylor  Naval  Ship  Research  and  Development  Center.  *force  and  moment 
data  were  obtained  for  both  powered  and  unpowered  VTOL,  fixed-wing  aircraft. 
Analysis  of  the  data  indicate  that  the  configuration  is  statically  stable  in 
both  pitch  and  yaw  and  that  control  is  adequate  for  both  axes.  The  addition  — 
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of  a large  aft-mounted  radome  did  not  significantly  change  longitudinal  char- 
acteristics, but  did  increase  lateral-directional  stability.  Two  wings  of 
different  airfoil  sections  were  evaluated:  a NACA  design  and  a Liebeck  design. 
The  Liebeck  wing  section  increased  lift  over  that  generated  by  the  NACA  base- 
line wing  section. 
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NOTATION 


I 

i The  results  in  this  report  are  reduced  to  standard  aerodynamic  force 

f 

and  moment  coefficients  and  are  presented  In  both  stability  and  wind  axis 
systems.  All  moments  are  referenced  to  the  quarter  root  chord  In  the 
X-plane  and  the  propeller  thrust  axis  In  the  Z-plane.  Angles  of  attack 
and  sideslip  are  relative  to  the  fuselage. 
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ABSTRACT 


The  low-speed  aerodynamic  characteristics  of  a 10-percent 
scale  powered  SCAT  (Surveillance,  Communications,  ASMD  Warning, 
and  Targeting)  configuration  were  investigated  in  the  8-  by  10- 
foot  subsonic  north  wind  tunnel  at  the  David  W.  Taylor  Naval 
Ship  Research  and  Development  Center.  Force  and  moment  data 
were  obtained  for  both  powered  and  unpowered  VTOL,  fixed-wing 
aircraft.  Analysis  of  the  data  indicate  that  the  configuration 
is  statically  stable  in  both  pitch  and  yaw  and  that  control  is 
adequate  for  both  axes.  The  addition  of  a large  aft-mounted 
radome  did  not  significantly  change  longitudinal  characteristics, 
but  did  increase  lateral-directional  stability.  Two  wings  of 
different  airfoil  sections  were  evaluated:  a NACA  design  and  a 
Liebeck  design.  The  Liebeck  wing  section  increased  lift  over 
that  generated  by  the  NACA  base-line  wing  section. 

ADMINISTRATIVE  INFORMATION 

This  work  was  the  result  of  a joint  program  by  the  David  W.  Taylor 
Naval  Ship  Research  and  Development  Center  (DTNSRDC)  Bethesda,  Maryland, 
and  the  Naval  Air  Development  Center  (NADC) , Warminster,  Pennsylvania. 

NADC  assumed  responsibility  for  the  conceptual  design  phase  of  the  air- 
craft while  the  exploratory  wind  tunnel  program  was  managed  by  DTNSRDC. 

Wind  tunnel  model  design  and  construction  were  accomplished  by  DTNSRDC 
and  funded  under  Independent  Research.  Funding  for  the  exploratory  wind 
tunnel  program  was  provided  by  NADC. 

INTRODUCTION 

NADC  has  been  involved  in  a study  effort  which  addresses  the  problem 
of  providing  real-time  surveillance,  over-the-horizon  (OTH)  targeting  and 
similar  functions  for  ship  groups  not  in  company  with  an  aircraft  carrier. 

A small,  manned,  fixed-wing  VTOL  aircraft  was  conceived  by  NADC  to  fulfill 
this  mission.  SCAT  employs  two  lift  jet  engines  for  vertical  takeoff  and 
landing  from  destroyer  and  frigate-class  ships  but  transitions  to  a turbo- 
prop engine  for  conventional  flight. 

DTNSRDC  was  requested  by  NADC  to  perform  an  experimental  wind  tunnel 
evaluation  of  the  SCAT  vehicle  concept  including  the  design  and  construc- 
tion of  a 10-percent  scale  model.  The  objective  of  the  wind  tunnel  program 
was  to  obtain  the  necessary  data  base  required  to  determine  the  aerodynamic 
characteristics  of  the  SCAT  configuration;  this  report  presents  that  data 
base . 

1 


is;  wv  - ***&■*£ »•<'  * 


9 


APPARATUS 


The  8-  x 10-foot  subsonic  north  wind  tunnel  at  DTNSRDC  Is  of  the 
single  return  closed-circuit  type  that  Is  capable  of  continuous  opera- 
tion at  atmospheric  pressure.  The  rectangularly  shaped  test  section 
can  achieve  dynamic  pressures  up  to  80  lb/sq  ft.  For  this  series  of 
investigations,  the  SCAT  model  was  mounted  in  the  test  section  using 
Strut  System  6.  This  strut  system  is  located  beneath  the  tunnel  floor 
and  supports  the  model  via  a vertical  strut  tip  which,  in  turn,  trans- 
fers the  aerodynamic  loads  to  an  external  Toledo  mechanical  balance 
system.  The  Toledo  balance  system  records  six  component  force  and  mo- 
ment data  on  magnetic  tape  using  a Beckman  210  High  Speed  Data  Acqui- 
sition System.  The  majority  of  these  data  were  recorded  at  a dynamic 
pressure  of  10  lb/sq  ft  with  some  limited  data  points  at  60  lb/sq  ft. 
Standard  blockage,  buoyancy , ‘and  wall  corrections  were  applied  to  the 
reduced  data  according  to  the  methods  outlined  in  Reference  1. 

MODEL 

The  10-percent  scale  SCAT  wind  tunnel  model  was  constructed  en- 
tirely of  aluminum  with  removable  wing  and  tail  surfaces.  Horizontal 
and  vertical  control  surfaces  are  adjustable  over  a range  of  deflec- 
tion angles.  Two  wings  with  identical  planforras  and  physical  dimen- 
sions were  constructed;  the  only  difference  was  the  airfoil  section. 

The  baseline  airfoil  section  was  an  NACA  643-6I8  while  the  other  em- 
ployed a high  lift  Liebeck  section  (LA  5054).^  Two  typical  radome 
shapes  were  constructed  of  wood  for  mounting  under  the  fuselage:  one 
a pancake-saucer  shape  and  the  other  a flattened  egg  shape.  A four- 
bladed  wooden  propeller  with  a 6.2-inch  diameter  was  powered  by  a 
10  horsepower,  water  cooled,  variable  frequency  electric  motor  mounted 
inside  the  SCAT  fuselage.  This  propeller-motor  combination  was  used 
to  simulate  the  turboprop  power  plant  on  the  SCAT  vehicle.  The  lift 
jets  were  not  simulated  during  this  investigation.  Figure  1 presents 

^Dr.  Liebeck  at  Douglas  Aircraft  Company,  under  the  sponsorship  of 
the  Air  Force  Flight  Dynamics  Laboratory,  has  developed  a series  of 
superlift  airfoils  for  high  lift  applications. 
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the  major  dimensions  of  the  SCAT  model. 

The  location  of  the  radome  and  propeller  dictated  mounting  the 
SCAT  wind  tunnel  model  with  a vertical  strut  system  and  testing  it  in 
the  inverted  position.  This  was  also  considered  to  create  minimum 
interference  on  the  model.  An  extensive  series  of  runs  were  therefore 
conducted  for  each  SCAT  model  configuration  to  evaluate  the  tare  and 
interference  of  the  model  support  system.  The  procedure  followed  was 
similar  to  the  standard  method  outlined  in  Reference  1.  The  model  was 
mounted  in  the  wind  tunnel  in  each  of  three  different  positions:  (1) 
erect,  (2)  inverted,  and  (3)  erect  with  an  image  support  system.  Force 
and  moment  data  were  recorded  for  each  position.  The  tare  and  inter- 
ference of  the  model  support  is  equal  to  the  model  in  the  erect  position 
with  an  image  support  minus  the  data  *ith  the  model  in  the  erect  position. 
This  correction  was  then  subtracted  from  the  data  obtained  for  the  model 
tested  in  the  inverted  position.  These  data  are  then  theoretically 
interference  free  force  and  moment  data.  Data  for  each  of  the  three 
test  positions  is  presented  in  tabulated  form  in  this  report;  the  run 
schedule  and  tabulated  data  are  contained  in  Appendixes  A and  B.  Figure 
2 shows  photographs  of  the  model  mounted  in  the  inverted  position  and 
the  model  erect  with  the  dummy-image  support  mounted  in  the  wind  tunnel. 

The  power-on  phase  of  this  program  was  conducted  at  constant  thrust 
conditions.  Full-scale  thrust  coefficient  at  cruise  power  conditions 
was  simulated  during  wind  tunnel  tests.  The  SCAT  model  motor-propeller 
combination  was  calibrated  before  the  wind  tunnel  test  program  to  de- 
termine thrust  characteristics.  The  drag  of  the  complete  SCAT  confi- 
guration, less  radome,  was  measured  in  the  wind  tunnel  at  various  dy- 
namic pressures  with  the  propeller  both  on  and  off.  The  difference  in 
drag  levels  then  represents  the  installed  thrust.  A calibration  curve 
for  power  was  then  produced  for  various  motor  rpm's.  The  wind  tunnel 
test  program  was  conducted  at  the  model  motor-propeller  rpm  combination 
which  duplicates  the  same  full-scale  thrust  coefficient. 

Transition  grit  (#80  carborundum  particles)  was  used  on  the  wings 
and  fuselage  nose  of  the  model  throughout  the  test  program.  The  loca- 
tion and  size  of  the  grit  were  determined  by  the  procedure  outlined  in 
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Reference  2.  A 1/8- inch-wide  band  of  grit  was  placed  on  the  fuselage 
1.5  inches  back  from  the  nose.  For  the  NACA  airfoil,  the  transition 
strip  was  placed  1.2  inches  back  from  the  leading  edge  on  both  the 
upper  and  lower  surfaces.  The  Liebeck  wing  had  a transition  strip  of 
the  same  dimensions  but  only  on  the  upper  surface.  When  attached  to 
the  fuselage,  the  radomes  also  had  transition  grit  of  similar  dimensions 
and  were  1.4  inches  back  from  the  leading  edge  surface. 

TEST  PROGRAM 

The  majority  of  the  data  for  the  experimental  wind  tunnel  program 
were  recorded  at  a dynamic  pressure  of  10  lb/sq  ft  with  limited  data 
points  at  60  lb/sq  ft.  These  correspond  to  Reynolds  numbers  of  approx- 
imately 190,000  and  470,000,  respectively,  for  a wing  chord  of  0.33  ft. 

The  angle-of-attack  range  covered  in  this  investigation  varied  from 
-6  degrees  to  +16  degrees.  Data  for  this  angle  of  attack  range  were 
recorded  at  sideslip  angles  of  0,  5,  and  10  degrees.  Elevator  control 
surface  deflection  angles  investigated  were  +10,  0,  -5,  -10  and  -15 
degrees.  Elevator  trailing  edge  down  is  considered  positive  for  this 
program.  Rudder  surface  deflections  used  in  this  program  were  0,  -5, 
and  -10  degrees  with  the  surfaces  always  deflected  in  pairs.  Positive 
deflection  for  the  rudders  was  trailing  edge  to  the  left. 

Aircraft  component  buildup  consisting  of  fuselage,  wing,  tail  sec- 
tions, and  radome  assembly  was  also  investigated  in  this  program. 

ANALYSIS 

BASIC  CONFIGURATION  DATA 

Figure  3 presents  buildup  data  for  the  basic  unpowered  configuration 
without  radome.  The  data  (Figures  3 through  10)  have  been  corrected  for 
the  effect  of  the  mounting  support  system  unless  otherwise  noted. 

Mounting  support  system  corrections  were  made  using  the  following 
equations : 

CL  ' CL  = &CL 

erect  & image  . erect  „ strut  „ 
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This  was  done  for  each  of  the  coefficients  (C^,  C^,  C , C^,  C , and  C^) 
at  constant  angle  of  attack  and/or  side  slip  angle. 

An  examination  of  the  lift  data  indicates  that  the  horizontal  tail 
is  down-loaded  throughout  the  angle-of-attack  range  presented.  Compari- 
son of  the  body-wing  and  body-wing-tail  configurations  indicated  that 
the  tail  lift  contribution  is  relatively  additive,  thus  indicating  little 
downwash  from  the  wing.  Similarly,  the  pitching  moment  data  show  addi- 
tive trends;  however,  there  is  a small  constant  negative  downwash  angle. 

The  pitching  moment  data  indicate  that  the  vehicle  is  stable  throughout 
the  angle-of-attack  range. 

The  drag  data  indicate  large  interference  between  body  and  tail. 

The  incremental  drag  due  to  the  tail  was  on  the  order  of  120  counts 
(0.0120),  which  is  approximately  twice  the  analytically  estimated  drag 
of  65  counts  (0.0065)  for  the  horizontal-vertical  tail  contribution. 

Wing  installation  to  the  body  similarly  caused  large  unexpected 
drag  increments;  these  increments  were  on  the  order  of  250  counts  (0.0250). 
The  drag  of  the  complete  configuration  is  only  slightly  greater  than  the 
drag  of  the  wing-bodv  alone,  indicating  a masking  effect  on  the  tail  due 
to  the  presence  of  the  wing.  This  masking  effect  may,  in  part,  be  due 
to  the  vortices  being  shed  from  the  wing-body  function  cancelling  those 
vortices  from  the  body-tail  juncture. 

EFFECT  OF  RADOME 

Figure  4 presents  the  effect  of  adding  the  two  radome  shapes  inves- 
tigated. Both  radome  shapes  caused  a slight  loss  in  lift,  nose-up 
pitching  moments,  and  increased  drag.  The  base-line  shape  exhibited 
the  largest  increases  in  both  pitching  moment  and  drag  and  the  smallest 
reduction  in  lift.  Pitching  moment  stability  was  slightly  increased  by 
installation  of  the  radomes. 
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EFFECT  OF  THRUST 

The  effect  of  thrust  on  lift,  drag,  and  pitching  moment  is  shown 
in  Figure  5.  The  configuration  depict'd  includes  the  R^  radome.  The 
data  presented  are  for  thrust  coefficients,  C^,  of  0.152,  0.184,  and 
0.210.  As  Indicated  In  Figure  5,  thrust  increased  lift  and  decreased 
drag  at  all  three  thrust  coefficients. 

The  trends  for  pitching  moment  are  not  as  easily  discernable. 

Thrust  increased  the  pitching  moment  stability  of  the  vehicle  at  low 
angles  of  attack;  however,  at  angles  greater  than  4 degrees,  pitching 
moment  stabilitv  was  reduced. 

Reducing  or  increasing  the  thrust  around  the  design  thrust  coeffi- 
cient of  0.184  caused  a nosc-up  pitching  moment  increment.  A potential 
control  problem  with  change  of  thrust  is  therefore  indicated  since  nose 
down  control  would  need  to  be  applied  with  any  thrust  change  rather  than 
having  the  desired  characteristic  of  moving  the  controls  proport ional lv 
with  the  thrust  change. 

EFFECT  OF  REYNOLDS  NUMBER 

As  stated  in  the  apparatus  section,  the  majority  of  the  wind  tunnel 

program  was  run  at  a dynamic  pressure  of  10  lb/sq  ft;  however,  certain 

configurations  were  evaluated  at  a dynamic  pressure  of  60  lb/sq  ft.  A 

comparison  of  the  basic  wing-bodv-tail  configuration  at  these  two  dynamic 

pressures  is  presented  in  Figure  6.  The  data  are  uncorrected  for  sting 

interference.  Examination  of  the  lift  data  indicates  a slight  zero  lift 

angle-of-attack  increase  for  the  60  lb/sq  ft  case  as  well  as  a slight 

increase  in  maximum  lift  coefficient.  Drag  was  reduced  hv  approximately 

40  counts  (0.0040)  when  the  dynamic  pressure  was  increased. 

The  pitching  moment  data  indicate  the  largest  shifts  between  the 

two  cases.  The  higher  q case  has  a linear  pitching  moment  change  with 

angle  of  attack,  whereas  the  lower  q case  shows  distinct  steps.  These 

steps  occur  throughout  the  range  of  configurations  tested  but  are  most 

noticeable  when  the  horizontal  tail  is  installed.  Examination  of  the 

inverted  versus  erect  mounted  cases  indicate  that  these  steps  may,  in 

part,  be  due  to  vortices  being  shed  from  the  mounting  systems,  thus 
r 
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changing  the  flow  on  the  aft  position  of  the  body.  Flow  changes  on  the 
body  would  not  be  seen  in  the  lift  but  could  conceivably  change  the  cen- 
ter of  pressure  location  hence  resulting  in  significant  moment  changes 
due  to  the  long  moment  arms  involved. 

LATERAL-DIRECTIONAL  CHARACTERISTICS 

Unpowered  lateral-directional  data  for  the  basic  configuration  with 
and  without  the  radome  are  shown  in  Figure  7.  The  data  have  been  cor- 
rected for  the  presence  of  the  strut.  As  shown  the  vehicle  is  stable 

with  respect  to  both  yawing  and  rolling  moment,  C^  and  C , respectively. 

nB  *8 

The  vehicle  exhibits  excellent  directional  stability  throughout  the  angle- 

of-attack  range  presented  having  nearly  constant  C . The  rolling  moment 

nB 

stability  C„  decreases  slightly  with  increasing  angle  of  attack;  however, 

8 

it  is  still  adequate.  The  addition  of  the  radome  increased  the  level  of 

stability  in  roll  while  C stayed  relatively  constant. 

n8 

The  effect  of  power  on  the  lateral-directional  characteristics  is 

shown  in  Figure  8.  In  general,  power  made  no  change  in  C ; however, 

nB 

C was  increased  when  power  was  added. 

6 

LONGITUDINAL  CONTROL  EFFECTIVENESS 

Longitudinal  control  effectiveness  is  shown  in  Figure  9 for  the 
unpowered  complete  configuration.  Presented  are  plots  of  C^  versus  5^ 
and  C^  versus  <5^  for  angles  of  attack  from  0 to  16  degrees.  As  shown 
C is  reasonably  linear  over  the  angle-of-attack  range.  The  loss  of 

lift  due  to  control  deflection  amounts  to  0.15  for  a 20-degree  deflec- 
tion at  0 degrees  angle  of  attack.  Longitudinal  control  effectiveness 
was  not  affected  by  power;  therefore,  the  data  are  not  presented. 

Rudder  control  effectiveness  is  presented  in  Figure  10.  The  con- 
figuration presented  is  powered  and  includes  the  radome.  The  vari- 
ation of  yawing  moment  with  angle  of  attack  for  rudder  deflections  of 
0,  5,  and  10  degrees  shows  that  the  rudder  is  effective  ac  all  angles 

of  attack  and  that  C is  relatively  constant.  Examination  of  the 
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yawing  moment  data  presented  in  Figure  8 indicates  that  the  10-degree 
deflection  is  capable  of  trimming  the  aircraft  angle  to  -7.5  degrees. 

Rudder  roll  power  varies  somewhat  with  angle  of  attack  and,  in  fact, 

! a reversal  in  roll  direction  occurs  at  angles  below  4 degrees  for  a 

10-degree  rudder  deflection.  Side  force  due  to  rudder  deflection  is 
relatively  constant  indicating  little,  if  any,  flow  separation  on  the 
rudder . 

COMPARISON  OF  L T EBECK  WING  WITH  NACA  WING  i 

E j 

| As  stated  earlier,  two  wings  identical  in  planform  but  having  differ-  !- 

[ ent  airfoil  sections  were  evaluated.  These  were  the  basic  wing  having  a 

i 

! NACA  643-0I8  section  and  a high  lift  Liebeck  section  (LA  5054).  A com- 

parison of  these  two  wings  is  shown  in  Figure  11.  Data  are  presented 
at  dynamic  pressures  of  10  and  60  lb/sq  ft  and  are  not  corrected  for  the 
mounting  system. 

The  Liebeck  section  exhibited  larger  zero  lift  angle  of  attack, 

slightly  higher  lift  curve  slope  , and  greater  maximum  lift  coeffi- 

« 

ciont.  The  Liebeck  wing,  however,  exhibited  slightly  higher  drag  as 
well  as  a more  positive  pitching  moment  than  the  NACA  wing. 

As  previously  mentioned,  the  NACA  section  was  relativelv  insensitive 
to  Reynolds  number;  however,  the  Liebeck  section  was  highly  sensitive, 

as  can  be  seen  in  both  the  plots  of  lift  and  drag.  The  section  was  de-  , 

signed  for  a Reynolds  number  of  500,000  which  corresponds  approximately 
to  a dynamic  pressure  of  60  lb/sq  ft.  At  the  lower  q the  Reynolds  num- 
: her  corresponds  to  188,000  and  the  upper  surface  separated.  At  an  angle 

of  attack  of  between  10  and  12  degrees  reattachment  occurred. 

S A measure  of  the  loiter  capability  of  a propeller  equipped  aircraft  ’ 

f 3/2  ' 

is  the  maximum  value  of  /C^.  A comparison  of  this  parameter  for  j 

the  baseline  NACA  airfoil  and  the  Liebeck  wing  is  shown  in  Figure  12. 

The  data  have  been  corrected  for  the  effect  of  the  strut.  As  shown  in 

3/2 

the  figure,  the  Liebeck  section  exhibits  a higher  value  of  than 

the  corresponding  NACA  section.  The  differences  in  maximum  value  corres-  j 

ponding  to  approximately  8-percent  gain  for  the  Liebeck  section.  j 
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The  maximum  value  for  the  Liebeck  wing  occurs  at  approximately  2 
degrees  hefore  stall,  whereas  the  maximum  value  for  the  NACA  wing  occurs 
at  stall  angle  of  attack.  Since  flight  near  stall  angle  of  attack  is 
difficult,  the  vehicle  would  need  to  be  flown  at  a lower  angle  of  attack, 
and  the  actual  gains  in  performance  for  the  Liebeck  section  increase. 

For  example,  if  both  sections  were  flown  at  2 degrees  below  stall,  the 
Liebeck  section  would  have  approximately  an  18-percent  gain  in  loiter 
capability  over  the  NACA  section. 

CONCLUSIONS 

The  brief  analysis  of  data  from  the  wind  tunnel  evaluation  indicates 

that : 

1.  The  SCAT  configuration  is  statically  stable  in  both  longitudinal 
and  lateral  modes. 

2.  Control  is  adequate  in  both  pitch  and  yaw. 

3.  The  large  radome  did  not  sign! f icant lv  change  the  longitudinal 
characteristics  but  increased  the  lateral-directional  stabilitv. 

4.  Thrust  increased  pitch  stability  at  low  angles  of  attack  but 

reduced  stability  at  angles  greater  than  4 degrees;  dihedral 

effect  C5  increased  with  thrust,  whereas  directional  stability 

8 

C remained  unchanged. 

ng 

5.  Increase  in  Reynolds  number  increased  lift  and  decreased  drag 
slightly. 

b.  Large  interference  drag  increments  occurred  between  body-tail 
and  bodv-wing. 

7.  The  Liebeck  section  increased  lift  and  decreased  drag  at  high 
angles  of  attack  when  compared  to  the  NACA  base-line  wing  section. 

8.  The  Liebeck  section  wing  provides  significant  increase  in  loiter 
performance . 
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Figure  8 - Effect  of  Power  on  Later*l-Dl rectlonal  Characteristics 


Firure  12  - Comparison  of  C for  NACA  and  Liebeck  VI nr  fectior.s 
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APPENDIX  A 


SCAT  WIND  TUNNEL  RUN  LOG 


The  following  configuration  nomenclature  was  used  in  the  run  log  to 
describe  the  type  of  model  mounting  and  model  configuration: 


B 

BVH 

WB 

WBVH 

WBVHRj 

WBVHRi 

F. 

I 

El 


Model  with  body  (fuselage)  alone. 

Model  with  body,  vertical  and  horizontal  tails. 

Model  with  body  and  wing  only. 

Model  with  body,  wing,  vertical  and  horizontal  tails. 

Wing,  body,  vertical  and  horizontal  tails  and  saucer-shaped 
radome . 

Wing,  body,  vertical  and  horizontal  tails  and  egg-shaped  ra 
Model  in  the  erect  position. 

Model  in  the  inverted  position. 

Model  erect  with  image  support  system  installed. 


dome 
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APPENDIX  B 


TO  ASED  371 

WIND  TUNNEL  RESULTS  OF  A 10-PERCENT  SCALE 
POWERED  SCAT  VTOL  AIRCRAFT 


(available  upon  written  request  to  Code  166) 


APPENDIX  B 

FINAL  TABULATED  FORCE  AND  MOMENT  DATA  FOR  THE  SCAT  VEHICLE 


The  following  tabulated  data  presents  the  results  from  the  wind 
tunnel  program.  The  top  line  gives  model  configuration  data,  such  as 
elevator  and  rudder  deflection  angle.  The  second  line  gives  the  tunnel 
conditions  at  the  time  force  data  were  recorded.  These  data  include 
tunnel  Mach  number,  pressures,  Reynolds  number,  and  density.  The  angle 
of  attack  and  sideslip  for  each  data  point  precede  the  force  and  moment 
coefficients  in  stability  axis.  Tunnel  dynamic  pressure  and  velocity 
follow  with  the  same  coefficients  presented  again,  but  in  wind  axis. 


e 


i 


23 


v '■ 


1 


DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

(1)  DTNSRDC  REPORTS,  A FORMAL  SERIES  PUBLISHING  INFORMATION  OF 
PERMANENT  TECHNICAL  VALUE,  DESIGNATED  BY  A SERIAL  REPORT  NUMBER 

(2)  DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES,  RECORDING  INFORMA 
TION  OF  A PRELIMINARY  OR  TEMPORARY  NATURE,  OR  OF  LIMITED  INTEREST  OR 
SIGNIFICANCE,  CARRYING  A DEPARTMENTAL  ALPHANUMERIC  IDENTIFICATION. 


(3)  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  USUALLY  INTERNAL 
WORKING  PAPERS  OR  DIRECT  REPORTS  TO  SPONSORS,  NUMBERED  AS  TM  SERIES 
REPORTS;  NOT  FOR  GENERAL  DISTRIBUTION. 


